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2IWHQ WLPHV WKHVH UHJXODWLRQVDUHQHJOHFWHGDQGPDMRULW\RIGHVLJQHUVDQGFRQVWUXFWRUVGRQ¶W IROORZ WKHP7KLV LV
REYLRXVO\ D FRQFHUQLQJ LVVXH IRU HQHUJ\ VDYLQJ DQG HQHUJ\ FRQVXPSWLRQ 7KHUH LV FXUUHQWO\ QR SUHVHQFH RI DQ\
VXVWDLQDEOHFRQFHSWVRUUHJXODWLRQVWKDWGULYHUVGHVLJQHUVWREXLOGEHWWHUDQGVXVWDLQDEOHUHVLGHQFH(6DGLT
SHUV&RPP$XJ
,QRUGHUWRKDYHDVXVWDLQDEOHHQYLURQPHQWLQWKHIXWXUHDQGUHGXFHWKHHQHUJ\FRQVXPSWLRQLQWKH.XUGLVWDQUHVLGHQWLDO
VHFWRUVHVSHFLDOO\EXLOGLQJUHJXODWLRQVPXVWLQFOXGHHVVHQWLDOVXVWDLQDEOHFRQFHSWVDQGJXLGHOLQHV7KHVHUHJXODWLRQV
PXVWEHFRPHEHQFKPDUNVIRUEXLOGLQJVFRQFHQWUDWLQJRQWKHIROORZLQJV

 %XLOGLQJPDWHULDOV
 &RROLQJDQGKHDWLQJV\VWHPV
 *UHHQHU\2SHQVSDFHV
 %XLOGLQJGHVLJQHOHPHQWV
 %XLOGLQJFRORUV3DLQW

7KLV UHVHDUFKZLOO ULJRURXVO\ H[DPLQH D FRPSOHWH UHYLHZRI WKH EXLOGLQJ UHJXODWLRQV WR SURYLGH D FRPSUHKHQVLYH
JXLGHOLQHVRUVWDQGDUGVWRUHJXODWHWKHEXLOWHQYLURQPHQWLQ.XUGLVWDQ)ROORZLQJVXFKJXLGHOLQHVZLOOVXUHO\OHDGWR
PRUHHQHUJ\FRQVHUYDWLRQDQGSURYLGHPRUHVXVWDLQDEOHIHDWXUHVLQWKHGZHOOLQJV

%XLOGLQJ0DWHULDOV
,QFRQWUDVWWRWKHUHVWRI,UDT.XUGLVWDQUHJLRQLQQRUWKHUQ,UDTFRQVLVWVRIODUJHPRXQWDLQVZLWKPDQ\ULYHUVDQG
SLFWXUHVTXHQDWXUDOVHWWLQJ7KHUHJLRQLVYHU\ULFKZLWKQDWXUDOURFN\PDWHULDOVHVSHFLDOO\OLPHVWRQHDQGPDUEOHVWRQH
WKDWFDQEHVHHQWKURXJKRXWWKHDUHD>@7KHULYHUVSURYLGHWKHQHFHVVDU\VDQGZLWKWKHDEXQGDQFHRIWKHUXEEOHVWRQH
DYDLODEOHWRPDNHVXSWKHPDWHULDOVXVHGIRUWKHUHVLGHQWLDOGZHOOLQJVLHFRQFUHWH)XUWKHUPRUHPXGEORFNVDQGUHG
EULFNVDUHDEXQGDQWO\DYDLODEOH8QIRUWXQDWHO\PRVWRIWKHORFDOPDWHULDOVDUHQHJOHFWHGLQWKHUHVLGHQFHVVHFWRUDQG
WKHUHLVQRVHQVHRILGHQWLW\&XUUHQWO\PRVWRIWKHEXLOGLQJVKDYHEHHQFRQVWUXFWHGZLWKPDWHULDOVWKDWDUHLPSRUWHG
IURPRWKHUDUHDVDQGWKHEXLOGLQJVKDYHEHFRPHDSOD\JURXQGIRUPDWHULDOVDQGFRORUV7KHLPSRUWHGPDWHULDOVDUH
LQHIILFLHQWDVDORWRIHPERGLHGHQHUJ\LVQHFHVVDU\GXHWRWUDQVSRUWDWLRQLQVWDOODWLRQDQGPDLQWHQDQFH$OOPDWHULDOV
DUHVHOHFWHGEDVHGRQDHVWKHWLFDQGDSSHDUDQFHWRWKHRXWVLGHZLWKRXWDQ\FRQVLGHUDWLRQWRHFRORJ\FXOWXUDOLGHQWLW\
HQHUJ\VDYLQJRUHQYLURQPHQWDOVDIHW\>@
%XLOGLQJPDWHULDOVLVDFUXFLDOSDUWRIWKHSURFHVVRIHQHUJ\FRQVHUYDWLRQ5HVRUWLQJWRORFDOPDWHULDOVZLWKKLJK
WKHUPDOSHUIRUPDQFHLVWKHEHVWVROXWLRQIRUVHOHFWLQJPDWHULDOVLQWKHGZHOOLQJV)RUH[DPSOHLQVXODWHGZDOOPDGHRI
EULFNVKDVEHHQSURYHQWRKDYH89DOXH:P.DFFRUGLQJWR&RQYHQWLRQVIRU89DOXHFDOFXODWLRQV7KLVLV
WREHXVHGIRUH[WHULRUZDOOV$VIRUZLQGRZVWKHUHFRPPHQGDWLRQLVXWLOL]HDWOHDVWGRXEOHJOD]LQJZLWKORZ89DOXH
RIOHVVWKDQ0RUHRYHUIORRUVODEVFRQFUHWHLVUHFRPPHQGHGGXHWRWKHIDFWWKDWFRQFUHWHLVDEXQGDQWO\DYDLODEOH
DQGKDVFDSDFLW\RIVWRULQJKHDWZKLFKZRXOGEHHIIHFWLYHWRUHJXODWHWKHLQWHUQDOWHPSHUDWXUH&RQFUHWHDOVRKDVJRRG
SHUIRUPDQFHIRUZDWHUSURRILQJ)XUWKHUPRUHURRIPXVWEHFRYHUHGE\WXUIVXUIDFHWRDYRLGKHDWDEVRUSWLRQRUVRODU
JDLQ DV D UHVXOW WKH EXLOGLQJ IDEULFZLOO EH DLUWLJKW DQGZHOO LQVXODWHG7KHVH SRLQWV VKRXOG EH SDUW RI EXLOGLQJ
UHJXODWLRQVIRUPDWHULDOVHOHFWLRQLQ.XUGLVWDQGZHOOLQJV

&RROLQJ	+HDWLQJ6\VWHP
7KH FOLPDWH FRQGLWLRQ LQ .XUGLVWDQ LV JHQHUDOO\ YHU\ KRW DWPRVSKHUH ,Q WKH VXPPHU VHDVRQ RIWHQWLPHV WKH
WHPSHUDWXUHUHDFKHVGHJUHHV&HOVLXV:KLOHWKHZLQWHUVHDVRQFRXSOHPRQWKVLQWKH\HDUDUHJHQHUDOO\YHU\FROG
URXJKO\  GHJUHHV&HOVLXV >@'XH WR WKH FOLPDWLF FRQGLWLRQV SUHYDLOLQJ LQ.XUGLVWDQ DQG LQDSSURSULDWH EXLOGLQJ
GHVLJQKLJKLQVWDOODWLRQRIPHFKDQLFDOPHDQVWRFRROLQJKHDWLQJEXLOGLQJVKDYHWDNHQSODFH0HFKDQLFDOV\VWHPV
VXFKDVVSOLWXQLWVDUHFRPPRQO\XVHGDQGLQVRPHLQVWDQFHVHYHU\URRPLQWKHUHVLGHQFHKDVLQVWDOOHGRQHVSOLWXQLW
7KLVUHVXOWVLQKLJKFRQVXPSWLRQRIHQHUJ\LQEXLOGLQJV$FFRUGLQJWRWKH.5*0LQLVWU\RI(OHFWULFLW\³2YHU
DPRXQWRIWKHWRWDOSURGXFHGHOHFWULFLW\LVFRQVXPHGE\WKHUHVLGHQWLDOVHFWRUDQGPRVWRILWJRHVIRUDLUFRQGLWLRQ
SXUSRVHV´>@
9HQWLODWLRQLVDJUHDWVRXUFHRISURYLGLQJIUHVKDLULQWRWKHEXLOGLQJVDQGLWPD\SUHYHQWDQ\PROGVDQGIXQJXV
LQGRRUV,QVWHDGRIXVLQJPHFKDQLFDOV\VWHPVYHQWLODWLRQFDQSURYLGHFRROLQJDQGKDYLQJSURSHUDLUIORZFDQUHVXOWLQ
508   Rojhat K. Ibrahim et al. /  Procedia Environmental Sciences  34 ( 2016 )  506 – 513 
WKHVROXWLRQWRKXPLGLW\5HJDUGLQJFRROLQJWKHEXLOGLQJGHHSRYHUKDQJDQGFDQRSLHVSODFHGDERYHZLQGRZVFDQNHHS
WKHVXQRIIRIWKHH[WHULRUZDOOVDQGVKDGLQJGHYLFHVRYHUWKHZLQGRZVFDQSUHYHQWKHDWJDLQGXULQJZDUPVHDVRQ>@
'HVLJQLQJFRXUW\DUGVRUPLQLERG\RIZDWHUVXFKDVSRROVQHDUWKHKRXVHFDQQDWXUDOO\FRROWKHDLUEHIRUHWKHDLUHQWHUV
LQWRWKHEXLOGLQJ$FFRUGLQJWR6DVVLHYHQWKRXJKLW¶VFKDOOHQJLQJWRDWWDLQWKHUPDOFRQIRUPWKURXJKSDVVLYHGHVLJQ
VWUDWHJLHVDWWKHVDPHWLPHWRDFKLHYHQDWXUDOYHQWLODWLRQ>@+RZHYHUWKHVHVWUDWHJLHVPXVWEHFRPHSDUWRIEXLOGLQJ
UHJXODWLRQVWRREWDLQEXLOGLQJOLFHQVHVWRLPSURYHHQHUJ\FRQVXPSWLRQLQWKHGZHOOLQJV
*UHHQHU\DQG2SHQ6SDFHV
*UHHQHU\FDQSOD\DQHVVHQWLDOUROHRIHQHUJ\VDYLQJLQWKHEXLOWHQYLURQPHQW$FFRUGLQJWR3HWHU)6PLWK
3LQKLVERRN$UFKLWHFWXUHLQD&OLPDWHRI&KDQJHVWDWHV&OXVWHUVRIWUHHVZLWKLQWKHKHDWLVODQGFDQ
SURGXFHDORFDOL]HGGURSLQWHPSHUDWXUHRIGHJUHHV>@3ODQWVDUHEHQHILFLDOWRSURYLGHVKDGLQJGHFUHDVHDLU
WHPSHUDWXUHYLDWKHSURFHVVRISKRWRV\QWKHVLVDVWKH\DEVRUEVRODUUDGLDWLRQDQGPRLVWXUL]HDLUDVZHOODVSXULI\LW
>@,QVSLWHRILWVVLJQLILFDQWFRQWULEXWLRQLQHFRORJLFDOGHVLJQPRVWRIWKHUHVLGHQWLDOXQLWVLQ.XUGLVWDQKDYHEHHQ
EXLOWXSZLWKRXWDQ\FRQVLGHUDWLRQWRWKHLPSRUWDQWUROHRIJUHHQVSDFHV)LJXUH7KLVKDVOHGWRLQFUHDVHLQDLU
WHPSHUDWXUHHVSHFLDOO\ZLWKLQFLWLHV$VDUHVXOWPRUHHQHUJ\LVFRQVXPHGWRFRROWKHGZHOOLQJ
'XHWRWKHHVVHQWLDOUROHRISODQWVDQGYHJHWDWLRQLQHQHUJ\VDYLQJFHUWDLQUHJXODWLRQVPXVWEHDSSOLHG)RUH[DPSOH
WKHIRXUPHWHUVVHWEDFNE\WKH0XQLFLSDOLW\FDQEHYLWDOWRLQVWDOOPRUHJUHHQDUHDDURZRIWUHHVWRSURYLGHVKDGLQJ
LQVWHDG RI XWLOL]LQJ VXFK VSDFH IRU FRQFUHWH DQG SD\PHQW )XUWKHUPRUH WR SURPRWHPRUH HQHUJ\ VDYLQJ WKURXJK
PLQLPL]LQJKHDWJDLQLWLVHQFRXUDJHGWRDSSO\JUHHQURRIVFRYHULQJWKHFRQFUHWHURRIVODE3URYLGLQJYHJHWDWLRQDQG
JUHHQVSDFHVVKRXOGEHLQWKHUHJXODWLRQLQDFTXLULQJEXLOGLQJOLFHQVHVLQWKH'LUHFWRUDWHRI0XQLFLSDOLW\

)LJ7\SLFDOEORFNLQ.XUGLVWDQ6KRZVWKHDEVHQFHRIYHJHWDWLRQ

%XLOGLQJ'HVLJQ(OHPHQWV
,Q.XUGLVWDQPRVWRIWKHGHVLJQGHFLVLRQVDUHEDVHGRQDHVWKHWLFUHDVRQV%XLOGLQJVDUHGHVLJQHGUDQGRPO\ZLWK
OLWWOHFRQVLGHUDWLRQWRHQYLURQPHQWDODQGVXVWDLQDEOHUHTXLUHPHQWV)RUH[DPSOHWKHODFNRIH[WHUQDOVKDGLQJGHYLFHV
IRUODUJHRSHQLQJVKDVOHGWRPRUHKHDWJDLQWKURXJKEXLOGLQJVNLQ)LJXUH6SDFHVDUHGHVLJQHGZLWKRXWDQ\UHODWLRQ
WRVWDQGDUGVIRULQVWDQFHWKHUROHRIWKXPEIRUVSDFHKHLJKWVVKRXOGIROORZWKHIRUPXOD>@

'HSWKRIVSDFH +HLJKW[ZLWKRQHVLGHRSHQLQJ
 'HSWKRIVSDFH +HLJKW[ZLWKERWKVLGHVRSHQLQJ 

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7KHLQDSSURSULDWHUDWLRRIVSDFHKHLJKWDQGGHSWKFDQFRQWULEXWH WR LQDGHTXDWHRIYHQWLODWLRQ7RRYHUFRPHWKH
LVVXHRIVSDFHKHLJKWWKHDERYHIRUPXODVKRXOGEHXVHGDVDVWDQGDUGIRULQWHULRUVSDFHV+HDWJDLQYLDODUJHRSHQLQJ
FDQ EH UHVROYHG YLD H[WHUQDO VKDGLQJ GHYLFHV DSSOLHG FRUUHFWO\ LQ WKH EXLOGLQJ GHVLJQ IDoDGH+RUL]RQWDO VKDGLQJ
GHYLFHV FDQ EHPRUH HIILFLHQW IRU VRXWKHUQ RULHQWDWLRQ ZKLOH YHUWLFDO VKDGLQJV FDQ EH HIIHFWLYH LQ WKH HDVWZHVW
RULHQWDWLRQ >@7KHVH UROHV DQGSROLFLHV VKRXOGEH LPSOHPHQWHG LQ WKH UHVLGHQWLDO EXLOGLQJ UHJXODWLRQV WRSURYLGH
VROXWLRQIRUHQHUJ\FRQVXPSWLRQ

%XLOGLQJ&RORUV3DLQW

%XLOGLQJ VXUIDFHV DQG FRORUV LV DQ LPSRUWDQW GHIHQVH OLQH DJDLQVW JDLQLQJ KHDW LQ WKH KRW FOLPDWH FRQGLWLRQ RI
.XUGLVWDQ5HSODFLQJQDWXUDOYHJHWDWLRQZLWKUHVLGHQWLDOEXLOGLQJVPDVVHVFDXVHVVRODUHQHUJ\JDLQZLWKLQWKHFLWLHV
$VDUHVXOWPRUHHQHUJ\LVUHTXLUHGWRSURYLGHWKHUPDOFRPIRUWLQWKHGZHOOLQJ7RDFKLHYHHQHUJ\FRQVHUYDWLRQXVLQJ
OLJKWFRORUVVXUIDFHVZRXOGLPSURYHQDWXUDOOLJKWLQJDQGPLQLPL]LQJKHDWJDLQ$VSRLQWHGRXWE\6\QQHID$HWDO
FRROPDWHULDOVVXFKDVUHIOHFWLYHWLOHVOLJKWFRORUHGPDUEOHDQGOLPHVWRQHFDQEHXVHGWRUHIOHFWVRODUUDGLDWLRQ
&RROFRORUHGFRDWLQJFDQEHDSSOLHGGLUHFWO\LQWRWKHEXLOGLQJHQYHORSH8VLQJWKHPDWHULDOVZLWKUHIOHFWDQFHSURSHUWLHV
RQWKHEXLOGLQJHQYHORSHOHDGVWRIROORZLQJ
 5HGXFHVXUIDFHWHPSHUDWXUH
 &LW\VFDOHLQFUHDVHGUHIOHFWDQFHFDQFRQWULEXWHWRUHGXFWLRQRIDPELHQWDLUWHPSHUDWXUH
 0LQLPL]HWKHWUDQVIHURIKHDWLQWRWKHEXLOGLQJVWUXFWXUH
 7KHVROXWLRQFDQEHDVHDV\DVSURYLGLQJEHWWHUFRDWLQJHLWKHUPDWHULDORUFRORUVVHOHFWLRQIRUWKHEXLOGLQJ
VXUIDFHDQGHQYHORSH>@

/LJKWFRORUVDQGOLJKWFRDWLQJVXUIDFHVVKRXOGEHJLYHQPRUHLPSRUWDQFHRYHUGDUNFRORUV)LJXUHDQGDEVRUEHQW
VXUIDFHVWRPLQLPL]HKHDWLVODQGDURXQGWKHQHLJKERUKRRGV7KLVSROLF\VKRXOGEHPRUHRIDUHFQGDWLRQUDWKHUWKDQD
UHTXLUHPHQWIRUEXLOGLQJUHJXODWLRQ
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)LJ5HVLGHQWLDOEXLOGLQJFRDWHGZLWKGDUNFRORUVXUIDFH

)LJ8VHRIODUJHJOD]LQJRQWKHIURQWIDoDGHLQWZRUHVLGHQWLDOEXLOGLQJV

510   Rojhat K. Ibrahim et al. /  Procedia Environmental Sciences  34 ( 2016 )  506 – 513 
&DVHVWXG\W\SLFDOKRXVHLQ.XUGLVWDQ
7KLVLVIDLUO\ODUJHUHVLGHQWLDOEXLOGLQJGHVLJQHGFXUUHQWO\XQGHUFRQVWUXFWLRQE\+DYDO$$EGXONDUHHP&RDXWKRU
ZLWKPHWHUVVTXDUHLQFOXGHVUHFHSWLRQKDOOIDPLO\URRPOLYLQJURRPVZLPPLQJSRROJXHVW]RQHSULYDWH]RQH
DQGVHUYDQW]RQH7KHUHVLGHQFHLVDVHULRXVDWWHPSWWRPLQLPL]HHQHUJ\FRQVXPSWLRQWKURXJK
 %XLOGLQJ(QYHORSHFDYLW\ZDOOZLWKFPRILQVXODWLRQ
 6KDGLQJUHGXFLQJVRODUJDLQVE\ORQJRYHUKDQJVDQGORXYHUVWRVKDGHWKHRSHQLQJV
 3DVVLYH&RROLQJ3ODQWVYHJHWDWLRQDQGZDWHUEDVLQSURPRWHVHYDSRUDWLYHFRROLQJ
 1DWXUDO9HQWLODWLRQ,QFUHDVHQDWXUDOYHQWLODWLRQYLDDQDWULXPFURVVDQGVWDFNYHQWLODWLRQ
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&RQFOXVLRQ
5HVLGHQWLDO DUFKLWHFWXUH LQ.XUGLVWDQ UHJLRQKDV ORVW D VHQVHRI LGHQWLW\PDLQO\ RZLQJ WR WKH DEVHQFHRI EXLOGLQJ
UHJXODWLRQV1HJOLJHQFHRIEXLOGLQJUHJXODWLRQDQGXQDZDUHRIKRZPXFKHQHUJ\LVEHLQJFRQVXPHGYLDXQVXVWDLQDEOH
V\VWHPVKDYHRQO\DGGHGWRWKHJURZLQJSUREOHPRILPSURSHUUHVLGHQWLDOGHVLJQ7KLVSDSHUVKHGOLJKWRQIHZHQHUJ\
FRQFHUQV SDUWLFXODU DUHDV WKDW ZHUH LQYHVWLJDWHG LQFOXGHG LQHIILFLHQW EXLOGLQJ PDWHULDOV LQDGHTXDWH FRROLQJ DQG
KHDWLQJV\VWHPVODFNRIJUHHQVSDFHDYDLODEOHSRRUGHVLJQHOHPHQWVDQGYDULRXVEXLOGLQJDSSHDUDQFHV6XVWDLQDEOH
FRQFHSWVFDQEHDNH\UROHLQFRPEDWLQJWKHEXLOWHQYLURQPHQWHVSHFLDOO\UHJDUGLQJHQHUJ\FRQVXPSWLRQ(VWDEOLVKLQJ
EXLOGLQJSROLFLHVDQGVWULFWUHJXODWLRQVIRUUHVLGHQWLDOXQLWVEDVHGRQVXVWDLQDELOLW\ZLOOUHVXOWLQGUDVWLFLPSURYHPHQW
RIWKHEXLOWDUFKLWHFWXUHLQWKH.XUGLVWDQUHJLRQ
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